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[577 ABSTRACT

A process for the manufacture of acicular magnetic iron
oxide consisting of a core of gamma-iron(III) oxide and
a ferrite shell which contains, based on the total amount
of magnetic material, from 0.2 to 12 percent by weight
of cobalt(II) ions and from 0.1 to 15 percent by weight
of iron(II) ions, wherein a solution containing cobalt(II)

- hydroxide and iron(II) hydroxide is applied to acicular

gamma-iron(IIT) oxide particles and the latter are
heated at 100°-220° C.

1 Claim, No Drawings
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1

- MANUFACI‘ URE OF ACICULAR
COBALT-CONTAINING MAGNETIC IRON OXIDE

The present mventlon relates to a process for the
manufacture of acicular, magnetic iron oxide consisting
of a core of gamma-iron(III) oxide and a shell contain-
ing, based on the total amount of magnetic materlal
from 0.2 to 12 percent by weight of cobalt(II) ions and
from 0.1 to 15 percent by weight of iron(II) ions.

Acicular gamma-iron(IIl) oxide has been employed

_ 2
1,441,183). A similar procedure is described in German
Laid-Open Application DOS 2,811,473. There, the co-
balt ferrite layer is produced by simultaneously apply-
ing cobalt ions and ions to the iron oxide and carrying
out a cautious oxidation.

The cobalt-containing acicular iron oxides produced
by the prior art methods do not have entirely satisfac-

- tory magnetic properties and in most cases exhibit heat

10

for a 1ong time and on a large scale as a magnetizable

material in the manufacture of magnetic recording me-
dia. However, as a result of continued deveIOpment in
the field of recording technology, there is an increasing
need for magnetlc materials which in particular have a
~higher coercive force than gamma-iron(III)oxide. It is
“true that the coercive force of iron oxides can, under
certain circumstances, be substantially increased by
- modification with cobalt, but such modified materials
show a number of undesirable propertles, in particular
the residual induction and coercive force thereof are
‘unstable to thermal and mechanical factors. Materials
having these disadvantages are unsuitable for use in
magnetic recording media.

Cobalt-containing acicular iron oxides are obtainable
by a number of processes. According to German Pat.
Nos. 1,112,725 and 1,226,997, cobalt modification can
~ easily be achieved by co-precipitation of iron hydroxide
- and cobalt hydroxide during the manufacture of goe-
thite, since the subsequent conversion of the cobalt-con-

| talnmg goethite to the corresponding gamma-iron(III)

oxide is carried out in the conventional manner. Ger-
man Laid-Open Application DOS 2,100,390 also pro-
- poses a similar procedure.

- According to German Pubhshed Appheatlon DAS
2,036,612, a cobalt compound can also be precipitated
onto the surface of a gamma-lron(III) oxide. The cobalt
is incorporated into the iron oxide lattice by subsequent
heating at 380°-400° C. A different procedure is dis-
closed in German Laid- Open Application DOS
- 2,243,231, Here, the acicular iron oxide hydroxide, be-

fore being reduced to magnetite, is- provided with a

~ protective coatlng to avoid sintering of the needles, and
after application of’ the cobalt compound to the magne-
tite or to the gamma-iron oxide the product is heat-

‘treated. A further method of ebtalmng cobalt-contain-
ing acicular iron oxide is described in German Laid-

Open Application DOS 2,022,013. Here, acicular
FeOOH or Fe;03 is-mixed with a liquid eontalmng a
cobalt compound, the slurry 'is dried and then, using
conventional processes, the material is either converted
to gamma-iron(I1I) oxide or, where gamma-lron(III)
oxide was employed as starting material, is merely sin-
tered. It is also known from German Published Applica-
tion DAS 1,907,236 that cobalt-containing acicular
gamma-iron(III) oxide can be prepared by suspending
gamma-iron(III) omde as such, or an oxide obtained as
an intermediate in its manufacture, in an aqueous me-
dium, precipitating a cobalt compound onto the oxide
~and then heating the product at a temperature high
enough to decompose the cobalt compound. The partial
reduction of the cobalt-modified gamma—-lron(III) oxide
obtalned by the above process, in order to Increase the
- coercive force, has also been pr()posed

It has also already been attempted to increase the
‘coercive force of iron oxides by coating acicular oxides
with an epitaxial layer of cobalt ferrite (British Pat. No.
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instability and/or mechanical instability. The desired
high coercive force is only achieved by varying the
relatively high content of cobalt, which then leads to
the well-known disadvantages. Reducing the amount of
cobalt and at the same time increasing the treatment
temperature does not give products which, when used
in magnetic recording media, meet the necessary re-
quirements.

It 18 an object of the present invention to provide a
simple process for the manufacture of a cobalt-contain-
Ing acicular magnetic iron oxide which is suitable for
use as a magnetizable material in magnetic recording
media and which exhibits a very high coercive force,
the temperature dependence of the magnetic properties
being only slight, and a narrow field strength distribu-
tion.

We have found that this object is achieved and that an
acicular magnetic iron oxide which has the desired
properties and which consists of a core of gamma-iron-
(III) oxide surrounded by a ferrite shell containing,

based on the amount of magnetic material, from 0.2 to

12 percent by weight of cobalt(II) ions and from 0.1 to
15 percent by weight of iron(II) ions can be manufac-
tured if an acicular gamma-iron(I1II) oxide is suspended
in water, the suspension is brought to a pH of not less
than 10 by adding an aqueous base, an aqueous solution
containing cobalt(II) ions and iron(II) ions is then added
under an inert gas atmosphere at a temperature not
exceeding 45° C., and after the cobalt(II) hydroxide and
iron(I) hydroxide precipitate has formed, the solid
product is filtered off, washed neutral with water and
heated for from one to seven hours at from 100° to 200°
C

These acicular cobalt-containing magnetic iron ox-

ides produced by the process according to the invention

thus possess a core of the gamma-iron(IH) oxide em-

- ployed and an outer shell, surrounding this core, which

consists predominantly of magnetite and cobalt(II) ions
embedded therein in the form of cobalt ferrite.
Suitable starting materials for the process aceordmg
to the invention are the acicular magnetic gamma-iron-
(III) oxides produced by conventional methods. These
iron oxide particles have a mean length of from 0.2 to
1.5 pm and a length-to-width ratio of from 6:1 to 20:1.
The particles are obtained by converting acicular iron-
(I1I) oxide hydroxide to magnetite in a reducing atmo-
sphere and then oxidizing the magnetite to gamma-iron-
(IIT) oxide at below 400° C. Where appropriate, a heat
treatment may be carried out before or after reduction

- in order to improve the mechanical and magnetic prop-

65

erties. It is also possible to treat the various iron oxide
intermediates in the productmn of the gamma-iron (III)
oxide with inorganic or organic substances, for example
to retain the shape of the particles, and such a treatment

may in special cases prove advantageous. A suitable

gamma-iron(III) oxide can also be produced by coating
an acicular non-magnetic iron oxide or iron oxide hy-
droxide with a higher hydrocarbon, higher alcohol,
amine, fatty acid or fatty acid salt, and converting the
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oxide to gamma-iron(11I) oxide at about 400°-650° C. in
the presence of air.

The iron(Il) and cobalt(Il) compounds required for
the process according to the invention must be selected
so that they are non-oxidizing in aqueous alkaline solu-
tion and so that they form the corresponding hydrox-
1ides. Advantageously, the chlorides and sulfates of the
metals are employed.

To carry out the process according to the invention,
the gamma-iron(III) oxide is suspended in water, prefer-
ably in from 5 to 10 parts by weight of water, by vigor-
ous stirring or by means of other conventional equip-
ment. The aqueous solutions containing cobalt(II) ions
and iron(II) ions and the aqueous bases can be added in
any desired sequence. However, it has proved particu-
larly advantageous first to introduce the solution, con-
taining cobalt(Il) 1ons, into the suspension and then to
bring the pH of the suspension to not less than 10, pref-
erably to not less than 12, by adding an aqueous base,
especially sodium hydroxide. After having stirred the
mixture for about one hour, the aqueous solution con-
taining iron(II) ions 1s added. It 1s advisable to continue
vigorous stirring for a prolonged period thereafter;
from four to seven hours has proved advantageous and
sufficient. The entire reaction, but especially from the
addition of the iron(Il) ions, is carried out under a blan-
ket of inert gas. The reaction temperature should not
exceed 45° C. and should preferably be from 5° to 45°
C.; it has proved advantageous to carry out the process
at room temperature.

After this precipitation of cobalt(II) hydroxide and
iron (II) hydroxide has taken place in the gamma-iron-
(IIT) oxide suspension, all the solids are filtered off and
washed with water until the wash liquor is neutral. The
filter cake is then heated for from one to seven, prefera-
bly from two to four, hours at from 100° to 200° C., for
example in a rotary kiln. This both dries and heat-treats
the product formed in the reaction described above; the
treatment can be carried out in a stream of inert gas or
in a stream of air. If drying and heating is carried out in
a stream of inert gas, usually nitrogen, at, preferably,
from 130° to 180° C., the period of heating is advanta-
geously from two to four hours. If the filter cake is
treated in an oxidizing atmosphere, i.¢. 1n a stream of air,
appropriate parameters are a temperature of from 110°
to 150° C. and a heating period of from one to three
hours. However, this process step can also be carried
out by first drying the filter cake in a stream of air at
from 100° to 120° C. and then heating it under an inert
gas for from one to three hours at from 130° to 180° C.

The acicular cobalt-containing iron oxides which
have been modified by the process according to the
invention exhibit a number of improvements over prior
art products. Thus, the magnetic materials produced by
the novel process have a higher coercive force and a
narrower field strength distribution. Accordingly, by
using the method described, it is possible to combine the
advantageous properties of gamma-iron(I1I) oxide with
those of magnetite and of cobalt ferrite without having
to accept the disadvantages of the last-mentioned com-
pound, such as poor orientability, a broad field strength
distribution, thermal instability of the magnetic proper-
ties, and high magnetostriction.

It is advantageous if the temperature dependence of

the coercive force and of the residual induction of such
cobalt-containing products 1s only slightly less good
than that of pure gamma-iron(Ill) oxide. Only 1n this
case do the improved magnetic properties of the cobalt-
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4

containing magnetic materials fully contribute toward
improving the recording properties of magnetic record-
ing media made from these materials.

In addition to the temperature dependence of the
magnetic properties, the field strength distribution of
the individual particies of such magnetic materials 1s an
important criterion in selecting materials for the manu-
facture of magnetic recording media. The field strength
distribution of the individual particles is determined
from the d.c. demagnetization curve. At a field strength
which is equivalent to the remanence coercivity Hg,
half (by volume) of the particles are reverse-magnet-
ized. Accordingly, the remanence coercivity is a char-
acteristic parameter for recording processes which, in
particular, determines the bias setting for magnetic re-
cording. The more non-uniform the remanence coerciv-
ity of the individual magnetic particles in the recording
layer, the broader is the distribution of the magnetic
fields which are able to reverse the magnetization of a
defined volume of the recording layer. This is particu-
larly noticeable if, because of high recording densities
or short wavelengths, the boundary zone between zones
of opposite magnetization is narrow. To characterize
the distribution of the field strengths of the individual
particles, a value hs for the total width of the restdual
induction curve and a value hps for the slope of the

residual induction curve are determined from the d.c.
demagnetization curve. The values are determined

using the equations

Hos — H
hs = —QSH——R—S* and
Hqs — Hjs
hs = —Hx

The subscript following the letter H indicates what
percentage of the particles has in each case been re-
verse-magnetized. Unmodified gamma-iron(III) oxides
have Rs5 and Rjs values of about 1.66 and 0. 57 respec-
tively.

The cobalt-containing iron oxides produced accord-
ing to the invention accordingly possess not only a
higher coercive force but also slight temperature depen-
dence and low hs/hys values, as a result of which they
are particularly suitable for use in magnetic recording
media. These media are produced in a conventional
manner. The magnetic materials are dispersed in poly-
meric binders; suitable binders are compounds known
for this purpose, e.g. homopolymers and copolymers of
vinyl derivatives, polyurethanes, polyesters and the
like. The binders are used as solutions in suitable or-
ganic solvents, which may or may not contain other
additives. The magnetic coatings are applied to rigid or
flexible bases, such as disks, films and cards.

The Examples which follow illustrate the invention.

The magnetic properties of the materials were mea-
sured by means of a vibrating sample magnetometer at
a field strength of 160 or 800 kA/m. The coercive force
H,., measured in kA/m, was determined on the basis of
a tap density of p=1.2 mg/mm3 (H¢ (p=1.2)). The spe-
cific remanence M,/, and the specific saturation mag-
netization M,,/p are each quoted in nTm?/g, the latter
property also being measured at a field strength of 800
kA/m as M;/p in nTm3/g.
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EXAMPLE A 1

2 kg of acicular gamma-Fe;O3 having a coercive
force of 23.5 kA/m, a mean particle length of 0.49 pm
and a mean particle width of 0.045 um are dispersed in
30 liters of water and the suspension is brought to pH 7
with dilute sodium hydroxide solution. Working under
a blanket of nitrogen, 364 g of CoCly.6H,0 are dis-
solved in 600 ml of water, the solution is added to the

suspension and the latter is heated to 35° C. and stirred
- vigorously for one hour. 1,695 ml of 48% strength so-
dium hydroxlde solution are then added in the course of
two minutes, after which 232 g of Fe(Il) in the form of
an FeCl, solution are added, with continued stlrrmg
The suspension is then stirred for a further six hours 15
under a nitrogen blanket, and is filtered, and the filter
cake is washed neutral and heated for 2 hours at 130° C.
under nitrogen. |

The magnetic prOpertles ascertamed the titrimetri-
cally determined magnetite content, the specific surface 20
- area Sy determined by the BET method, and the pH of
the material are shown in Table 1. -.

TABLE 1

10
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in a stream of air and then for one hour at 150° C. under
nitrogen. Part B1/111 is heated for two hours at 150° C.

in a stream of air. The results of the measurements are
shown 1n Table 2.

COMPARATIVE EXAMPLE B 2

6 kg of acicular gamma-FeyO3 having a coercive
force of 24.0 kA/m, a mean particle length of 0.49 um
and a mean particle width of 0.049 um are dispersed in
30 liters of water. 728 g of CoCh.6H»0, dissolved in

- one liter of water, are added to the suspension at room

temperature and the mixture is then stirred for one hour

- under a nitrogen blanket. Thereafter the suspension is

heated to 80° C. and 3,390 ml of 48% strength sodium |
hydroxide solution are added. 464 g of Fe(Il) in the
form of a techmcal-grade FeClj solution are then intro-
duced dropwise in the course of one hour. The suspen-
sion is stirred for a further 6 hours at 80° C., and when
it has cooled the product is filtered off and washed
neutral with water. The filter cake is divided into three
parts and these, referred to as samples B2/1, B2/1II and
B2/111, are subjected to the same heat treatment as that
described for B1/I to B1/III. The results of the mea-
surements are shown in Table 2. | |

" TABLE 2

" Heat freatment

Co - Fe304

- 39 15 81 44 44.7
3% 9.3 75 40 39,9
3% 7 82 - 43 362
3% - 17.3 83 45 35.2
3% 14.5 81 43 33.5
3% 85 75 19 31.2

' . . .

EXAMPLE C 1

300 g of acicular gamma-Fe;O3; having a coercive

- force of 23.8 kA/m, a mean particle length of 0.50 pm

Experiment
Bi/1 - 130° C./N3 for 2 hours
B 1/11 110° C./air for 24 hours
o .+ 150° C./N3 for 1 hour
B 1/111 150° C./air for 2 hours
‘Comparative |
experiment B
B2/ 150° C./N; for 2 hours
"B 2/11 110° C./air for 24 hours
| + 150° C./N3 for 1 hour
B 2/11I 150° C./air for 2 hours
Ex-  Co  FejOq4 Sxy H,
ample content content pH m2/g M’"/E M’/E (p = 1.2) 40
Al 3% 139 72 164 19 42 38.6
EXAMPLEB1

6 kg of acicular gamma-Fe>O3 having a. coercive 45
~ force of 24.0 kA/m, a mean particle length of 0.48 pm
and a mean particle width of 0.045 um are dispersed in
~ 30 liters of water. 728 g of CoCl2.6H,0, dissolved in
one liter of water, are added to the suspension at room 50
- temperature -and the mixture is stirred for one hour
under a nitrogen blanket. 3,390 ml of 48% strength
sodium hydroxide solution are then added in the course
of 8 minutes. Thereafter 464 g of Fe(II) in the form of a
techmcal-grade FeCl; solution are introduced dropwise
in the course of one hour. The suspension is stirred for
6 hours at room temperature under a mtrogen blanket
and 1s then filtered, and the filter residue is washed
neutral with water. -

- The filter cake is divided into three parts Part B1/1is
heated for two hours at 150° C. under nitrogen. Part
BI/II 1S ﬁrst heated for two and a half hours at 110° C.

60

35

and a mean particle width of 0.048 um are dispersed in
2.5 liters of water. 60 g of CoCl,.6H>0 are added and

the mixture is stirred thoroughly for one hour at room
temperature, under a nitrogen blanket. 282 ml of 48%

strength sodium hydroxide solution are then added in

the course of 10 minutes, after which a solution contain-
ing 38 g of Fe(Il) ions is introduced dropwise in the

course of 35 minutes. The batch is then stirred for a

further 6 hours at room temperature under a nitrogen
blanket. |

The suspension is filtered and the filter cake is washed
neutral with water and then heated for two hours at
150° C. in a stream of nitrogen. The results of the mea-
surements are shown in Table 3.

COMPARATIVE EXAMPLE C 2

The procedure of Experiment C 1is followed, except
that a nltrogen blanket is not used and the process 1S
carried out in an open vessel, in air.

- . TABLE 3 | |
| - o Co ~ Fe30q4 | |
- Heat treatment modification Yo M’””E M,-/E H, (p=1.2)
Experiment -' | - |
cl - 150° C./N3 for 2 hours 3% 22 83 = 44 39.4

Comparative
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TABLE 3-continued
Co Fe304
Heat treatment modification % M’”/E M’/E H, (p=12)
experiment
C?2 150° C./N> for 2 hours 3% 6 76 37 28.6

EXAMPLE D 1

500 g of gamma-Fe;O3 having a coercive force of 1p

24.0 kKA/m, a mean particle length of 0.49 um and a
mean particle width of 0.047 um are dispersed in 2.5
liters of water. 60 g of CoCl2.6H;,0, dissolved in a small
amount of water, are added to the suspension and the
mixture is stirred for 30 minutes at room temperature

getic stirring. A vigorous evolution of gas occurs,
which has subsided after about 7 hours. Stirring is then
continued for one hour after which the suspension 1s
filtered. The filter cake is washed neutral with water
and divided into two portions, which are then treated,
as samples D 2/I and D 2/11, in the same way as samples
D 2/1 and D 1/I1. The results of the measurements are
shown in Table 4.

TABLE 4

Co Fe304

Heat treatment modification % M’"/E M,;E H, (p = 1.2)

Experiment

D 1/1
D 1/11
D /111

D 1/1V
Comparative
experiment

D 2/1
D 2/11

under a nitrogen blanket. 282 ml of 48% strength NaOH
solution are then added, followed by the drop-wise
introduction of 77.5 g of Fe(1I), in the form of a techni-
cal-grade FeCl; solution, in the course of 50 minutes,
with vigorous stirring. Stirring is then continued for 6

hours at room temperature under a nitrogen blanket,
after which the suspension is filtered and the filter cake

1s washed neutral with water and divided into four
portions:

Part D 1/1 1s heated for two hours at 130° C. in a
stream of nitrogen, part D 1/1I for two hours at 150" C.
in a stream of nitrogen, part D 1/11II for 25 hours at 110°
C. 1n a stream of air and then for one hour at 150° C.
under nitrogen, and part D 1/IV for two hours at 130°
C. 1n a stream of air. The results of the measurements
are shown in Table 4.

COMPARATIVE EXAMPLE D 2

250 g of gamma-Fe;O3 having a coercive force H, of
24.0 kKA/m, a mean particle length of 0.46 um and a

mean particle width of 0.046 wm are dispersed in 1.25

130° C./N3 for 2 hours
150° C./N3 for 2 hours
110° C./air for 23 hours

+ 150° C./N3 for 1 hour
130° C./air for 2 hours

130° C./Nj for 2 hours
150° C./N> for 2 hours

30

35

40

45

35.0
32.0
22.0

3%
3%
3%

85
85
83

45
46
43

44.9
46.8
_43.4

3% 15.0 83 435 37.1

3%
3%

33.3
31.0

88
86

43
44

30.8
34.0

EXAMPLE E 1

500 g of gamma-Fe;O3 having a coercive force H, of
23.5 kA/m, a mean particle length of 0.49 um and a
mean particle width of 0.048 um are dispersed in 2.5
liters of water. 100 g of CoCl3.6H»0, dissolved in a
small amount of water, are added to the suspension and
the mixture is stirred thoroughly for one hour at room
temperature, under a nitrogen blanket. 475 ml of 48%
strength sodium hydroxide solution are then added in
the course of 10 minutes and finally a solution contain-
ing 70 g of Fe(Il), in the form of a technical-grade
FeClj, solution, are added dropwise in the course of 35
minutes. Stirring is continued at room temperature {or 6
hours under a nitrogen blanket, after which the suspen-
sion is filtered. The filter cake is washed neutral with
water and divided into three parts. Part E 1/1 1s heated
for two hours at 130° C. in a stream of nitrogen, part E
1/11 for seven hours at 150° C. 1n a stream of nitrogen
and part E 1/11I for two hours at 130° C. in a stream of
air. The results of the measurements are shown in Table

liters of water. 30 g of CoCl;.6H,0, dissolved in a small 50 5.
amount of water, are added to the suspension. The en-
tire reaction 1s carried out under a nitrogen blanket, at EXAMPLE E 2
room temperature. 113 ml of 48% strength NaOH solu- The procedure followed is as described in Example E
tion are then made up to 1 liter with water, and 500 ml 1, except that only 40 g of CoCl;.6H70O are added to the
of this dilute NaOH solution was added to the suspen- 9 suspension. The results of the measurements are also
sion. 1.2 moles of NaBH4 are dissolved in the remaining shown 1n Table 3.
500 ml of the dilute NaQOH solution, and the NaBH4
solution 1s added dropwise to the suspension, with ener-
TABLE 5
Co Fe104

Experiment Heat treatment modification %o M’”/E M,-/E H, (p = 1.2)

E 1/1 130° C./Njy for 2 hours 5% 27.3 82 48 50.1

E 1/11 150° C./N3 for 7 hours 5% 25.0 80 46 58.4

E 1/111 130° C./air for 2 hours 3% 13.5 82 49 47.3

E 2/1 130° C./N> for 2 hours 2% 27.6 86 45 36.8

E 2/11 150° C./N3 for 7 hours 2% 27.5 83 46 44.3

E 2/111 130° C./atr for 2 hours 2% 16.6 86 44 31.7
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EXAMPLEF

3500 g of amcular gamma—Fe203 having a coercive '

force H of 26.2 kA/m, a mean particle length of 0.55

pm and a mean particle width of 0.039 um are dlspersed
in 2.5 liters of water. 20 g of CoCl,.6H;0, dissolved in
a small amount of water, are added to the dispersion and

the mixture is stirred for one hour at room temperature,
under a nitrogen blanket. 282 ml of 48% strength so-

dium hydroxide solution are added and 35 g of Fe(ID), in

the form of a technical-grade FeCl; solution, are intro-
duced dr0pw13e into the suspensxon in the course of 30

minutes. The suspension is then stirred for 6 hours at

room temperature under a nitrogen blanket and the

solid is filtered off and washed neutral with water. The
filter cake is heated for two hours at 130° C. in a stream

of air. The results of the measurements are shown in
Table 6. |

EXAMPLE G

6 kg of acicular gamma-Fe;O3 having a coercive

10

15

20

force H, of 27.3 kA/m, a mean particle length of 0.56

pm and a mean particle width of 0.050 pm are dlspersed

in 30 liters of water. 366 g of CoCly.6H-0, dissolved in

1 liter of water, are added to the suspension and the
mixture is stirred thoroughly for one hour. The entire
- reaction takes place at room temperature, under a nitro-

- gen blanket. 3,390 ml of 48% strength sodium hydrox-

~ ide solution are then added to the suspension in the

course of 10 minutes, after which 462 g of Fe(II) ions, in
- the form of a technical-grade FeCl; solution, are intro-
duced drop-wise. The suspension is then stirred for a
further 6 hours and filtered, and the filter cake is
washed neutral with water and heated for 2 hours in a

stream of air at 150° C. The results of the measurements
are shown in Table 6

EXAMPLE H

3.5 kg of acncular gamma-Fe;03 having a coercive
force of 26.2 kA/m, a mean particle length of 0.55 pm
and a mean particle width of 0.039 um are dispersed in
17.5 liters of water. The entire subsequent reaction takes

place at room temperature under an inert gas atmo-
- sphere. 706.5 g of CoCl2.6H,0, dissolved in 1 liter of

25
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| EXAM_PLE 1/1

900 parts of a material prepared as described in Exam-

-ple B 1/1, 225 parts of a 20% strength solution of a

copolymer of 80% of vinyl chloride, 10% of dimethy]l
maleate and 10% of diethyl maleate in a mixture of
equal parts of tetrahydrofuran and dioxane, 808 parts of
a 13% strength solution of a thermoplastic polyester-
urethane obtained from adipic acid, 1,4-butanediol and
4,4'-diisocyanatodiphenylmethane, in a mixture of equal
parts of tetrahydrofuran and dioxane, 54 parts of soy-
bean lecithin, 0.9 parts of a commercial silicone oil, 1.8
parts of hydroquinone, 1.8 parts of butyl stearate, 9
parts of isostearic acid and 620 parts of the stated sol-
vent mixture are mixed, and dispersed, in a steel ball
mill. The dispersion is then mixed with 1.5% of 4,4'-
diisocyanatodiphenylmethane, filtered and applied in a
conventional manner to a 6 wm thick polyethylene tere-
phthalate film in such a thickness that, after orienting
the acicular particles in a magnetic field and then effect-
ing drying, a magnetic coatlng having the thlckness d
[um) shown in Table 7 is obtained.

The magnetic properties of the plgment, such as the
coercive force He [kA/m], residual induction M, [mT],
saturation magnetization [mT], relative remanence
Mr1/Ms and hys value, are measured at a field strength of

- 800 kA/m and are shown in Table 7, as are the electro-
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water, are added to the suspension and the mixture is 45

stirred thoroughly for 1 hour. 2,000 ml of 48% strength
- sodium hydroxide solution are then added rapldly, after
which a solution containing 490 g of Fe(Il), in the form

of a teehmcal-grade FeCl; solution, is introduced drop- .

wise in the course of one hour. The suspension is then

stirred for 6 hours and is filtered. The filter cake is

washed neutral with water and heated for two hours at

180° C. in a stream of nitrogen. The results of the mea-
surements are shown in Table 6.

TABLE 6

50

acoustic properties, such as the maximum output level

~ at short wavelengths Ay and the sensitivity at short

wavelengths Ey, measured, substantially in accordance
with DIN 45,512, on a magnetic tape cut from the
coated film, in comparison with the relevant reference
tapes, at a recording frequency of 10 kHz.

'EXAMPLE 1,2

The procedure followed is as in Example I/1, except
that the magnetic material employed is that prepared as
described in Example F. The results of the measure-
ments are shown in Table 7.

"EXAMPLE I/3

The procedure followed is as in Example I/1, except
that the magnetlc material employed is that prepared as

described in Example G. The results of the measure-
ments are shown in Table 7.

EXAMPLE 1/4

The procedure followed is as in Example 1/1, except
that the magnetic material employed is that prepared as
described in Example H. The results of the measure-
ments are shown in Table 7.

" EXAMPLE I/5

The procedure followed is as in Example 1/1, except
that the magnetic material employed is the starting
material used in Example Al. The results of the mea-
surements are shown in Table 7.

| | | o - Co Fe3O4

Experiment  Heat treatment modification % Min/p M//p He(p = 1.2)
Example F 130° C/air for 2hours ~ 1.0% 295 82 40 33.0
Example G 150° C./air for 2 hours 1.5% 4.5 82 43 32.6
Example H 180° C./N> for 2 hours 5.0% 27.3 80 47 62.6

S . — T —
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Reference tape
according to DIN Ay Ey

C40l R + 2.9 + 2.0
T 308 S + 2.6 + 2.0
T 308 S + 3.2 + 2.6
C40]1 R + 6.0 + 4.0
T 308 S — 1.1 + 0.3

11
TABLE 7
Example H. M, M, M,/M; hjs d

I/1 50,9 153 302 0.76 0.29 4.8
}/2 33.9 156 190 0.82 0.32 4.8
1/3 32.5 137 165 0.83 0.3t 5.0
1/4 68.7 147 182 0.81 0.31 4.8
1/5 21.7 166 198 0.84 0.29 4.3
We claim:

1. A process for the manufacture of acicular, mag-
netic iron oxide consisting of a core of gamma-iron(III)
oxide surrounded by a ferrite shell which contains,
based on the amount of magnetic material, from 0.2 to
12 percent by weight of cobalt(Il) ions and from 0.1 to
15 percent by weight of iron(II) 1ons, which process
comprises: suspending acicular gamma-iron(IlI) oxide
in water, adding to said suspension an aqueous solution
containing cobalt(II) ions, followed by the addition of
an aqueous base to bring the pH to not less than 10, both
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additions being made at room temperature, thereafter
introducing an aqueous solution containing iron(II) ions
under an mnert gas atmosphere, with continued stirring,
and after the cobalt(II) hydroxide and iron(II) hydrox-
ide has precipitated under the inert gas atmosphere, the
solid product is filtered off, washed neutral with water
and heated at from 100° to 200° C. for from one to seven
hours, the steps of stirring, precipitating and filtering all

taking place at room temperature.
* 3 %k
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